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(57) ABSTRACT 

A circuit Substrate is divided into a light emitting circuit 
substrate 60 and a light receiving circuit substrate 70, and they 
are disposed in a first casing 21 in a two-tier fashion, and the 
light emitting circuit Substrate 60, which is disposed on an 
upper side, is overlapped with at least a part of an optical 
system 40. By this means, it is possible to obtain a widerrange 
mounting Surface in a small space, and therefore, it is possible 
to miniaturize a Switch main body. In addition, it is possible to 
miniaturize the Switch main body without miniaturizing the 
optical system 40 more than necessity, simply by changing a 
disposal configuration of components other than components 
of the optical system 40 in the switch main body, and there 
fore, it is possible to prevent lowering of detection accuracy 
which goes with miniaturization of the optical system 40, and 
it is possible to detect an object with high accuracy. 

16 Claims, 14 Drawing Sheets 
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REFLECTION TYPE PHOTOELECTRIC 
SWITCH 

TECHNICAL FIELD 

The present disclosure relates to a reflection type photo 
electric switch. More particularly, the present disclosure 
relates to improvement of a disposal configuration of compo 
nents which are disposed in a reflection type photoelectric 
switch. 

RELATED ART 

A regressive reflection type photoelectric switch has been 
known as a reflection type photoelectric switch which 
receives reflected light of light irradiated from a light emitting 
element, by a light receiving element, and detects an object on 
the basis of its amount of light received (e.g., Japanese Patent 
Unexamined Publication No. 2002-246636 which is referred 
as Patent Document 1, and Japanese-Patent Unexamined 
Publication No. 10-255611 which is referred as Patent Docu 
ment 2). In the regressive reflection type photoelectric Switch, 
laser right is irradiated toward a regressive reflection plate on 
which a three-dimensional reflection surface was formed by 
Such a matter that a lot of protruding portions of a three 
dimensional shape such as a polyangular cone shape and a 
spherical shape are disposed, and reflected light from the 
regressive reflection plate is received by a light receiving 
element. 

Miniaturization of a reflection type photoelectric switch 
including a regressive reflection type photoelectric Switch has 
been desired. In Patent Document 2, miniaturization of a 
Switchmen body is realized by miniaturizing an optical sys 
tem including a light emitting element and a light receiving 
element, in a regressive reflection type photoelectric Switch. 

In a reflection type photoelectric switch, the more an 
amount of light emitted from a light emitting element and a 
received light amount of reflected light in a light receiving 
element are, the larger a difference of a received light amount 
depending on presence and absence of an object becomes, 
and therefore, an error on the occasion of comparing a 
received light amount with a threshold value is few, and it is 
possible to detect an object with higher accuracy. Therefore, 
in order to detect an object with high accuracy, there is such 
necessity that an optical system has a certain level of size, and 
miniaturization of the above-mentioned optical system has 
limitations. In addition, even if it is tried to miniaturize an 
optical system by a method other than the above-mentioned 
one, miniaturization in an entire photoelectric Switch is not 
realized, unless other members become reduced in size. 

Then, it is conceivable to miniaturize a switch main body 
by changing a configuration of components other than com 
ponents of an optical system in a Switch main body. For 
example, it is conceivable to miniaturize a Switch main body 
by adopting a flexible substrate having flexibility, in lieu of a 
hard Substrate Such as a glass epoxy Substrate, as a circuit 
Substrate for mounting a control circuit of a light emitting 
element and a light receiving element, and disposing it in Such 
a situation that the flexible substrate is bowed down in an open 
space. However, the flexible substrate is expensive as com 
pared with the hard substrate, and therefore, when the flexible 
substrate is adopted, there is such a problem that it is not 
possible to configure a Switch main body inexpensively. 

SUMMARY 

Embodiments of the present invention provide a small size 
reflection type photoelectric switch which can detect an 
object with high accuracy. 
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2 
In addition, embodiments of the present invention provide 

a small size inexpensive reflection type photoelectric Switch. 
According to an aspect of one or more embodiments of the 

invention, a reflection type photoelectric switch which 
receives reflected light of light irradiated from a light emitting 
element, by a light receiving element, and detects an object on 
the basis of its amount of light received, equipped with a first 
casing which has a mounting Surface internally, and in which 
an opening portion is formed so as to face to the mounting 
Surface, a second casing which covers the opening portion, an 
optical system including the light emitting element and the 
light receiving element, which is disposed in a predetermined 
area on the mounting Surface in the first casing, a light emit 
ting circuit Substrate which is disposed in the first casing, and 
in which a control circuit of the light emitting element is 
mounted, and a light receiving circuit Substrate which is dis 
posed in the first casing, and in which a control circuit of the 
light receiving element is mounted, and, configured in Such a 
manner that one of the light emitting circuit Substrate and the 
light receiving circuit Substrate is disposed in an area other 
than an area on the mounting Surface in the first casing in 
which the optical system is disposed, and the other is disposed 
So as to be overlapped with at least apart of the optical system, 
on the opening portion side in the first casing. 

According to the Such like configuration, a circuit Substrate 
is divided into the light emitting circuit substrate and the light 
receiving circuit Substrate, and they are disposed in the first 
casing in a two-tier fashion, and one of them is overlapped 
with at least a part of the optical system, and thereby, it is 
possible to obtain a wider range mounting Surface in a small 
space, and therefore, it is possible to miniaturize a Switch 
main body. There is not such necessity that a control circuit of 
a light emitting element and a control circuit of a light receiv 
ing element are electrically connected each other in a Switch 
main body, and therefore, even in Such a configuration that 
these things are mounted on different circuit Substrates and 
respective circuit Substrates are disposed in two-tier fashion, 
there is not such a case that workability at the time of fabri 
cation comes down. 

In addition, it is possible to miniaturize a Switch main body 
without miniaturizing an optical system more than necessity, 
simply by changing a disposal configuration of components 
other than components of the optical system in a Switch main 
body, and therefore, it is possible to prevent lowering of 
detection accuracy which goes with miniaturization of the 
optical system, and it is possible to detect an object with high 
accuracy. 

In the reflection type photoelectric switch according to the 
present disclosure, the light receiving circuit Substrate is dis 
posed in an area other than an area on the mounting Surface in 
the first casing in which the optical system is disposed. Fur 
ther, the light emitting circuit Substrate is disposed on the 
opening portion side in the first casing so as to be overlapped 
with at least a part of the optical system when they are viewed 
from the opening portion. 

According to the Such like configuration, it is possible to 
insert the light receiving circuit Substrate in the first casing 
from the opening portion, and dispose it in an area other than 
an area on a mounting Surface in which the optical system is 
disposed, and thereafter, insert the light emitting circuit Sub 
strate in the first casing from the opening portion, and dis 
posed it so as to be overlapped with at least apart of the optical 
system on the opening portion side to the light receiving 
circuit Substrate. 
A control circuit, which is mounted on the light emitting 

circuit Substrate, is normally equipped with a variable resistor 
for adjusting an amount of light irradiated of a light emitting 
element. Adjustment of a irradiated light amount of a light 
emitting element is carried out after the light receiving circuit 
Substrate and the light emitting circuit Substrate are incorpo 
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rated in the first casing, but at this time, if the light receiving 
circuit Substrate is disposed on the opening portion side rather 
than the light emitting circuit Substrate, it is not possible to 
operate the variable resistor. If it is configured in such a 
manner that the light emitting circuit Substrate is disposed on 
the opening portion side rather than the light receiving circuit 
substrate, like the present invention, even after the light 
receiving circuit Substrate and the light emitting circuit Sub 
strate are incorporated into the first casing, it is possible to 
carry out adjustment of an irradiated light amount of a light 
emitting element by operating the variable resistor from the 
opening portion side. 

In the reflection type photoelectric switch according to the 
present disclosure, on the light emitting circuit Substrate, 
amounting Surface is formed on only a surface on the opening 
portion side, and on the light receiving circuit Substrate, a 
mounting Surface is formed on both Surfaces. 

According to the Such like configuration, it is possible to 
form the light emitting circuit Substrate which is disposed so 
as to be overlapped with the optical system relatively larger, 
and therefore, a mounting Surface is formed only on a Surface 
on its opening portion side, and it is not possible to form the 
light receiving circuit Substrate which is disposed in an area 
other than an area in which the optical system is disposed on 
a mounting Surface so much larger as compared with the light 
emitting circuit Substrate, and therefore, mounting Surfaces 
are formed on its both surfaces. By this means, it is possible 
to ensure Sufficient mounting Surfaces on both of the light 
emitting circuit Substrate and the light receiving circuit Sub 
strate. By realizing single Surface mounting of the light emit 
ting Surface Substrate, need to ensure a clearance for elec 
tronic component mounting is eliminated, and therefore, it is 
possible to reduce a thickness of a sensor main body much 
O. 

A reflection type photoelectric Switch according to the 
present disclosure comprises shield members mounted on the 
light emitting circuit Substrate and the light receiving circuit 
Substrate, respectively. 

In particular, in case that the light emitting element is a 
laser diode (LED), an APC circuit is required, and therefore, 
a control circuit, which is mounted on the light emitting 
circuit Substrate, includes more electric components to be 
shielded, than a control circuit which is mounted on the light 
receiving circuit substrate. This is because there is need to 
prevent erroneous light emission of the light emitting element 
due to noises and static electricity, and excessive light emis 
Sion, and in particular, terminals of a variable resistor and a 
light emitting elements have high necessity of shield. By 
disposing a control circuit of a light emitting element only on 
a single surface of the light emitting circuit Substrate, it is 
possible to shield electric components which are included in 
a control circuit of a light emitting element, by one shield 
member collectively. In addition, by disposing electric com 
ponents to be shielded among electric components which are 
included in a control circuit of a light receiving element, on a 
single Surface (e.g., a Surface on the opening portion side) of 
the light receiving circuit substrate, it is possible to shield 
electric components which are included in a control circuit of 
a light receiving element by one shield member. Therefore, it 
is possible to shield each electric component by lesser shield 
member, and therefore, it is possible to configure a Switch 
main body cheaper. As a matter of course, in case that LED 
etc. are used, a light receiving circuit should be shielded more. 

In the reflection type photoelectric switch according to the 
present disclosure, the light emitting circuit Substrate and the 
light receiving circuit Substrate are configured by a hard Sub 
Strate. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
According to the Such like configuration, by disposing the 

light emitting circuit Substrate and the light receiving circuit 
Substrate, each of which is composed of a hard Substrate, 
respectively, in the first casing in a two-tier fashion, it is 
possible to ensure a Sufficient mounting Surface even if a 
flexible substrate is not used. Therefore, by using a hard 
Substrate such as a glass epoxy Substrate but not an expensive 
circuit substrate like a flexible substrate, it is possible to 
configure a Switch main body inexpensively. 

In the reflection type photoelectric switch according to the 
present disclosure, a thorough-hole for inserting a fixing tool 
on the occasion of fixing the reflection type photoelectric 
Switch is formed in the second casing. 

According to the Such like configuration, by forming the 
through-hole for inserting a fixing tool in the second casing 
but not in the first casing, it is possible to ensure a space for 
carrying out, focus adjustment of a light emitting element by 
use of a jig in the first casing, at the time of fabrication, and 
therefore, workability at the time of fabrication is improved. 
In addition, by forming the through-hole in the second casing, 
even on the occasion of optic axis adjustment and solder 
mounting of a light emitting optical system on the first casing, 
its work is not blocked, and workability is improved. 

Various implementations may include one or more the 
following advantages. For example, a control circuit of a light 
emitting element and a control circuit of a light receiving 
circuit are mounted on a light emitting circuit Substrate and a 
light receiving circuit Substrate in a divided fashion, and they 
are disposed in a two-tier fashion in a first casing, and one of 
them is overlapped with at least a part of an optical system, 
and thereby, it is possible to a wider range mounting Surface 
in a small space, and therefore, it is possible to miniaturize a 
Switch main body. In addition, simply by changing a disposal 
configuration of components other than components of an 
optical system in a Switch main body, it is possible to minia 
turize the Switch main body without miniaturizing the optical 
system more than necessity, and therefore, it is possible to 
prevent lowering of detection accuracy which goes with min 
iaturization of the optical system, and it is possible to detect 
an object with high accuracy. In addition, even in case that the 
optical system is miniaturized without lowering optical per 
formance, miniaturization in an entire photoelectric Switch is 
not blocked. 

In addition, even in case that a Switch main body is minia 
turized, it excels at points of workability at the time of adjust 
ing an irradiated light amount of a light emitting element, 
ensuring of a Sufficient mounting Surface in both of a light 
emitting circuit Substrate and a light receiving circuit Sub 
strate, workability at the time of shielding each electric com 
ponent by a shield member, ensuring of a Sufficient mounting 
Surface in a first casing, and so on. 

In addition, if a hard Substrate such as a glass epoxy Sub 
strate, but not an expensive circuit substrate like a flexible 
Substrate, is used, it is possible to configure a Switch main 
body inexpensively, and by disposing two hard Substrates in a 
first casing in two-tier fashion, it is possible to ensure a 
sufficient mounting surface even if a flexible substrate is not 
used. 

Other features and advantages maybe apparent from the 
following detailed description, the accompanying drawings 
and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view which shows one configuration 
example of a regressive reflection type photoelectric Switch 
according to an embodiment of the present invention. 
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FIG. 2 is an exploded perspective view of a switch main 
body of FIG. 1. 

FIG.3 is a perspective view which shows a configuration of 
an optical system, and shows it by omitting a light receiving 
element which is one constituent component of the optical 
system. 

FIG. 4 is a schematic light path view which shows such a 
light path that laser light irradiated from a light emitting 
element is received by the light receiving element. 

FIGS. 5 (a) to (c) are pattern views each of which shows 
one example of a reflection mode of laser light in a three 
dimensional reflection Surface in a regressive reflection plate. 

FIG. 6 (a) is a perspective view from the side opposite to 
the light emitting element of a light emitting lens of FIG. 3. 

FIG. 6(b) is a perspective view from the light emitting 
element side of a light emitting lens of FIG. 3. 

FIG. 7(a) is a schematic light path view which shows an 
appearance of laser light on the occasion of passing through 
the light emitting lens of the embodiment of the present 
invention. 

FIG. 7(b) is a schematic light path view which shows an 
appearance of laser light on the occasion of passing through 
the light emitting lens of the related art. 

FIG. 8 (a) is a view which schematically shows intensity 
distribution of laser light on the occasion of passing through 
each light emitting lens of FIG. 7(a). 

FIG. 8(b) is a view which schematically shows intensity 
distribution of laser light on the occasion of passing through 
each light emitting lens of FIG. 7(b). 

FIG. 9 is a perspective view for explaining about a proce 
dure on the occasion of fabricating the switch main body of 
FIG. 2, and shows a situation before a light emitting circuit 
Substrate is mounted. 

FIG. 10 is a perspective view for explaining about a pro 
cedure on the occasion of the switch main body of FIG. 2, and 
shows a situation after the light emitting circuit Substrate is 
mounted. 

FIG. 11(a) is a view that a vertical cross section along 
backward and forward directions is viewed from a right side 
of the switch main body in a fabricated situation. 

FIG. 11(b) is a view that a vertical cross section along 
backward and forward directions is viewed from a left side of 
the switch main body in a fabricated situation. 

FIG. 12 is a plan view of a light emitting circuit substrate 
when it is viewed from above. 

FIG. 13(a) is a view viewed from an upper side of a light 
receiving circuit Substrate. 

FIG. 13(b) is a view viewed from a lower side of a light 
receiving circuit Substrate. 

FIG. 14 is a block diagram which shows an electric con 
figuration of a regressive reflection type photoelectric Switch 
of this embodiment. 

DETAILED DESCRIPTION 

FIG. 1 is a schematic diagram which shows one configu 
ration example of a regressive reflection type photoelectric 
Switch according to an embodiment of the present invention. 
As shown in FIG. 1, this regressive reflection type photoelec 
tric Switch comprises a Switch main body 1, a regressive 
reflection plate 2, and a controller 4. The switch main body 1 
irradiates laser light B from a light emitting element and 
receives its reflected light by a light receiving element. The 
regressive reflection plate 2 reflects laser light B irradiated 
from the switch main body 1. The controller 4 is connected to 
the switch main body 1 through a cable 3 to control an opera 
tion of the switch main body 1. 
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6 
This regressive reflection type photoelectric switch is dis 

posed in a factory etc., and for example as shown in FIG. 1, 
used for detecting an object 6 which is conveyed on a belt 
conveyor 5. The switch main body1 and the regressive reflec 
tion plate 2 are disposed so as to sandwich a conveying path 
of the object 6, and laser light B is irradiated so as to intersect 
with the conveying path, heading off from the Switch main 
body 1 toward the regressive reflection plate 2. At the time of 
detection by this photo electric Switch, an indicating lamp 11, 
which is attached to the switch main body 1, is turned on, and 
thereby, it is notified that it is in a detecting state. 
When the object 6 does not exist between the switch main 

body 1 and the regressive reflection plate 2, laser light B. 
which was irradiated from the switch main body 1, reaches to 
the regressive reflection plate 2 without being blocked by the 
object 6. Then, laser light B, which is reflected by the regres 
sive reflection plate 2, is inputted form a light receiving Sur 
face 7 formed on a side surface of the switch main body 1 to 
an inside of the switch main body 1. In this embodiment, the 
light receiving Surface 7 is configured by a transparent plate 9 
Such as an acrylic plate, which was fitted into a nearly rect 
angular opening 8 formed on a side Surface of the Switch main 
body 1. Laser light B, which is irradiated from the switch 
main body 1, also passes through this transparent plate 9 and 
heads off to the regressive reflection plate 2. The regressive 
reflection type photoelectric switch of this embodiment is 
so-called coaxial regressive reflection type photoelectric 
switch in which irradiated laser light B is reflected by the 
regressive reflection plate 2 and thereby, its traveling direc 
tion of laser light B is changed by nearly 180°, and returned 
coaxially. 
The regressive reflection plate 2 is formed in the nearly 

rectangular shape, and its outer circumference is held by a 
holding plate 10. The regressive reflection plate 2 is mounted 
at a predetermined mounting position through this holding 
plate 10. This regressive reflection plate 2 has such a well 
known configuration that a three-dimensional reflection Sur 
face was formed by Such a matter that a lot of protruding 
portions of a three-dimensional shape such as a polyangular 
cone shape (e.g., Square cone shape or hexagonal cone shape) 
and a spherical shape are disposed on a Surface on Such a side 
that they are disposed opposite to the switch main body 1. The 
laser light B, which is irradiated from the switch main body 1, 
is so-called P polarized light (linear polarized light), and an 
angle of a polarization plane is changed by 90° on the occa 
sion that the P polarized light is reflected by the regressive 
reflection plate 2, and thereby, it becomes so-called S polar 
ized light (linear polarized light). In the following, it will be 
explained about Such a case that irradiated light from the 
switch main body 1 is P polarized light and reflected light 
from the regressive reflection plate 2 is S polarized light. 
However, this is one example, and it is all right even if irra 
diated light from the switch main body 1 is Spolarized light 
and reflected light from the regressive reflection plate 2 is P 
polarized light. 
The light receiving element in the switch main body 1 

receives reflected light, only in Such a case that reflected light, 
which is inputted from the light receiving surface 7, is S 
polarized light. Therefore, if the object 6 does not exist 
between the switch main body1 and the regressive reflection 
plate 2, relatively considerable amount of light received is 
obtained by the light receiving element, by Such a matter that 
reflected light (S. polarized light) from the regressive reflec 
tion plate is received by the light receiving element. On the 
one hand, as shown by a broken line in FIG. 1, in case that the 
object 6 exists between the switch main body 1 and the 
regressive reflection plate 2, reflected light is not almost 
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received in the light receiving element. That is, a mirror 
surface object exists in between the switch main body 1 and 
the regressive reflection plate 2, P polarized light irradiated 
from the switch main body 1 does not become S polarized 
light on the occasion that it is reflected by a mirror Surface, 
and it is reflected as P polarized light without change. There 
fore, the reflected P polarized light is not almost received by 
the light receiving element. In addition, in case that a non 
mirror surface object exists in between the switch main body 
1 and the regressive reflection plate 2, P polarized light irra 
diated from the switch main body 1 is not reflected suffi 
ciently by the object, and therefore, reflected light is not 
almost received by the light receiving element. In this way, 
according to the regressive reflection type photoelectric 
Switch, in case of either one of a mirror Surface object and a 
non-mirror Surface object, it is possible to detect an object 
favorably on the basis of lowering of an amount of light 
received in the light receiving element. 

FIG. 2 is an exploded perspective view of the switch main 
body 1 of FIG. 1. In the following, for convenience of an 
explanation, it will be explained on Such a premise that an 
upper side in FIG. 1 is an up direction, and a lower side is a 
down direction, and a left side is a left direction, and a right 
side is a right direction. 
As to this switch main body 1, its outer shape is laid out by 

a casing 20 formed in a nearly hollow rectangular Solid shape. 
The casing 20 is formed by connecting a first casing 21 and a 
second casing 22 each other by adhesive agent. The first 
casing 21 is a box shaped member of a nearly rectangular 
shape when it is viewed on a plane Surface, in which opening 
portions 23, 24, 25 are formed on its upper surface, left 
surface and right front side corner portion, respectively. The 
second casing 22 is a plate shaped member of a nearly rect 
angular shape when it is viewed on a plane Surface, which 
corresponds to the opening portion 23 on an upper Surface of 
the first casing 21. On a left side edge and right front side 
corner portion of the second casing 22, protruding portions 
26, 27, which correspond to the opening portions 24, 25 of the 
first casing 21 respectively, are formed so as to be protruded 
toward a lower side. Therefore, by mounting the second cas 
ing 22 from an upper side So as to cover the opening portion 
23 on the upper surface of the first casing 21, it is possible to 
close the casing 20, except a connector mounting opening 29 
for mounting a connector 28 which connects the cable 3 to the 
Switch main body 1, a indicating lamp mounting opening 35 
for mounting the indicating lamp 11 and an opening 8 in 
which the transparent plate 9 is fitted. 

In the protruding portions 26, 27 of the second casing 22. 
through-holes 30, 31, which run through in up and down 
directions respectively, are formed. By inserting fixing tools 
such as bolts, into these through-holes 30, 31 to be mounted 
ona predetermined mounting positions, it is possible to fix the 
switch main body 1. By forming through-holes 30, 31 in the 
second casing 22, it is possible to form the opening portions 
24, 25 at positions which correspond to the protruding por 
tions 26, 27 of the first casing 21. Therefore, it is possible to 
carry out focus adjustment of the light emitting element by 
utilizing the opening portion 24, at the time of fabrication, and 
therefore, workability at the time of fabrication is improved. 

In the first casing 21, components such as an optical system 
40, a light emitting circuit Substrate 60, a light receiving 
circuit substrate 70, and a holding substrate 80, are disposed. 
The optical system 40 includes a light emitting element 41 
and a light receiving element 42 and performs irradiation of 
laser light and light reception. On the light emitting circuit 
substrate 60, a control circuit of the light emitting element 41 
is mounted. On the light receiving circuit substrate 70, a 
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8 
control circuit of the light receiving element 42 is mounted. 
The holding substrate 80 is connected to the light receiving 
circuit substrate 70 and holds the light receiving element 42. 
The optical system 40 includes a light emitting lens 43, a light 
emitting slit plate 44, a light emitting polarization plate 45, a 
beam splitter 46, the transparent plate 9, a light receiving 
polarization plate 47, a light receiving lens 48 and a light 
receiving slit plate 49, in addition to the light emitting element 
41 and the light receiving element 42. These components are 
incorporated from an upper side to the first casing 21, and 
thereby, workability at the time of fabrication is improved. 
An inner bottom surface of the first casing 21 configures a 

mounting Surface 32 for mounting each component of the 
optical system 40 and the light receiving circuit substrate 70. 
On the mounting surface 32, a plurality of ribs, which are 
protruded toward an upper side, are formed, and by these 
plural ribs, mounting positions for fitting and mounting each 
component of the optical system 40 and the light receiving 
circuit substrate 70 are formed. Components other than the 
light emitting element 41 among respective components of 
the optical system 40 and the light receiving circuit Substrate 
70 are inserted in the firs casing 21 through the opening 
portion 23 from an upper side, and mounted on the mounting 
surface 32. On the one hand, the light emitting element 41 is 
inserted in the first casing 21 from the opening portion 24 
toward a right side, and mounted on the mounting Surface 32. 
The light emitting element 41, the light emitting lens 43, 

the light emitting slit plate 44, the light emitting polarization 
plate 45, the beam splitter 46 and the transparent plate 9 
(hereinafter, these things are collectively referred to as “light 
emitting optical system’’) are disposed in this order, along a 
rearinner side Surface of the first casing, toward an irradiation 
direction (right direction) of laser light from the light emitting 
element 41. Here, the rear inner side Surface configures a 
rearward outer circumference wall inner surface of the first 
casing 21, and the light emitting optical system is mounted on 
the ribs formed along a rear inner side surface which is an 
outer circumference wall, respectively. The light receiving 
polarization plate 47, the light receiving lens 48, the light 
receiving slit plate 49 and the light receiving element 42 
(hereinafter, these things are collectively referred to as “light 
receiving optical system’.) are disposed in this order, along a 
right inner side Surface of the first casing, toward a front side 
to the beam splitter 46. Here, the right inner side surface 
configures a rightward outer circumference wall inner Surface 
of the first casing 21, and the light receiving optical system is 
mounted on ribs formed alonga rightinner side Surface which 
is an outer circumference wall, respectively. 
By this means, each component of the optical system 40 is 

disposed in a nearly L shape, along a rear inner side Surface 
and a right inner side Surface of the first casing 21, in the first 
casing 21. In other words, a rearward side Surface, and a 
rightward side surface having an edge which intersects with 
this surface, are formed on the first casing 21, and in a nearly 
L shaped space adjacent to these side Surfaces, the optical 
system 40 is disposed in a consolidated fashion. By this 
means, a disposal area of a circuit etc. other than the optical 
system 40 is secured as a single space at a maximum, without 
disposing them in a divided fashion. In addition, by disposing 
the connector 28 for mounting the cable at a position facing to 
its intersection point, a distance between the circuit and the 
connector is shortened, and therefore, effective wiring 
becomes possible. Furthermore, by disposing the indicating 
lamp 11 at Such a position that a leftward side Surface and a 
rearward side surface intersect with each other, it is possible 
for a worker to check a detection status from a rear side and an 
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upper side, left and right directions, even after a photoelectric 
Switch was disposed on a factory facility etc., and therefore, 
visibility is improved. 

In addition, by the disposal as described above, it is pos 
sible to input only parallel light to the beam splitter 46, in case 
of either one of light emission and light reception. By this 
means, it is possible to input all light rays to a light polariza 
tion film 53 by an incident angle of nearly 45°, and spectro 
scopic efficiency of P polarized light and S polarized light is 
improved. There is such a case that regular reflected light 
reflected by a mirror surface (reflected light in which light 
polarization does not change), which should not pass through 
the beam splitter 46 and the light receiving polarization plate 
47 normally, reaches to the light receiving element 42. There 
fore, by inputting all light rays to a light polarization film 53 
by an incident angle of nearly 45°, it is possible to carry out 
passage and reflection of light on the light polarization film 53 
favorably. 

In addition, by disposing the light emitting lens 43 between 
the light receiving element 41 and the beam splitter 46, and 
disposing the light receiving lens 48 between the light receiv 
ing element 42 and the beam splitter 46, it is possible to 
prevent disturbance of polarized light by double refraction on 
the occasion of passing through the lenses 43, 48, and by this 
means, spectroscopic efficiency of P polarized light and S 
polarized light is improved. For example, in case that, by use 
of one lens in common, the light emitting optical system is 
disposed to this lens, in the order to the lens, the beam splitter 
and the light receiving element, and the light receiving optical 
system is disposed in the order of the lens, the beam splitter, 
and the light receiving element, there is such a case polarized 
light is disturbed by such a matter that reflected light reflected 
by a mirror Surface passes through the lens, when double 
refraction occurs in the lenses. In this case, reflected light, in 
which polarized light is disturbed by passing through the lens, 
is inputted to the beam splitter, and light, which should not be 
reflected by a light polarization film normally, is reflected, 
and reaches to the light receiving element. According to this 
embodiment, it is possible to prevent disturbance of polarized 
light due to double refraction on the occasion of passing 
through the lenses 43, 48, and therefore, it is possible to 
prevent occurrence of such a matter that reflected light 
reflected by a mirror surface reaches to the light receiving 
element. 
The light receiving circuit substrate 70 is disposed so as to 

face to the mounting Surface 32 in an area other than Such an 
area oh the mounting surface 32 that the optical system 40 is 
disposed, i.e., a left front side area. The holding substrate 80 
is mounted so as to Stick up on an upper side, along a right side 
edge of the light receiving circuit substrate 70, and electri 
cally connected to the light receiving circuit substrate 70 by 
soldering. In order to connect different length terminals of the 
light receiving element 42 to the light receiving circuit Sub 
strate 70, this holding substrate 80 plays a role of pulling out 
(wiring) those terminals in a horizontal direction. 
The light emitting circuit substrate 60 is disposed so as to 

be overlapped with a part of the optical system 40, viewed 
from above, on an upper side in an inside of the first casing 21. 
More concretely, the light emitting circuit substrate 60 is 
disposed so as to be overlapped with components other than 
the transparent plate 9, the light receiving slit plate 49 and the 
light receiving element 42 among respective components of 
the optical system 40, and the light receiving circuit Substrate 
70. In this manner, it is desirable that the light emitting circuit 
Substrate 60 is disposed in the same area on a projection plate 
as at least the light receiving circuit substrate 70, and in such 
an area that a thing, which interferes, does not exist at a height 
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10 
position of the light emitting circuit substrate 60 in the first 
casing 21. Although it is needless to say, if the light receiving 
element 42 etc. are at such a height that they do not interfere 
with the light emitting circuit substrate 60, it is possible to 
have them overlapped with the optical system 40 in an opti 
mized area including other conditions. By this means, the 
light emitting circuit Substrate 60 and the light receiving 
circuit substrate 70 are disposed in a two-tier fashion, with 
uniformly spacing them each other, in the first casing 21. The 
connector 28 is electrically connected to the light emitting 
circuit substrate 60 and the light receiving circuit substrate 
70, by soldering, respectively. 

In this embodiment, each component of the optical system 
40 is mounted on the mounting surface 32, and thereby, 
disposed in a space of approximately half of a lower side in 
the first casing 21. Therefore, the light receiving surface 9, 
which is configured by the transparent plate 9, is disposed in 
an area of approximately half of the lower side on a right side 
surface of the first casing 21, and as shown in FIG. 1, it is 
turned into Such a situation that, when the Switch main body 
1 is viewed from the regressive reflection plate 2 side, the light 
receiving Surface 7 is leaned to one side in a thickness direc 
tion of the casing 20 (such a direction that the first casing 21 
and the second casing 22 are lined up). By leaning to one side 
in this way, a margin level in a height direction, by which the 
light emitting circuit substrate 60 can be overlapped with the 
optical system 40, is allowed. 

FIG.3 is a perspective view which shows a configuration of 
the optical system 40 of FIG.2, and it is shown by omitting the 
light receiving element 42 which is one constituent compo 
nent of the optical system 40. In addition, FIG. 4 is a sche 
matic light path view which shows such a light path that laser 
light irradiated from the light emitting element 41 is received 
by the light receiving element 42. 
The light emitting element 41 is configured by a laser 

diode, and irradiates laser light toward a right direction in 
FIG. 3. The light emitting lens 43 converts the laser light 
irradiated from the light emitting element 41 into nearly par 
allel light, and emits it. Apart of laser light irradiated from the 
light emitting lens 43 passes through a nearly circular shaped 
slit 50 formed in the light emitting slit plate 44, and is guided 
to the light emitting polarization plate 45. In this way, laser 
light passes through the slit 50, and thereby, it is possible to 
limitan irradiation range of laser light to a nearly circular spot 
shape. 
The beam splitter 46 is formed as a nearly cube shape in 

which a length of one edge is approximately 3.5 mm, by 
contacting nearly the same two prisms 51, 52 having nearly 
triangular pole shape and connecting them each other. The 
light emitting polarization plate 45 contacts to a left side 
surface of one prism 51, and is sandwiched in between the 
prism 51 and the light emitting slit plate 44. In addition, the 
light receiving polarization plate 47 contacts to a front side 
surface of the other prism 52. Between contact surfaces of the 
two prisms 51, 52, the light polarization film 53 is sandwiched 
so as to be extended in a 45° inclined surface to an irradiation 
direction of laser light. 
The light emitting polarization plate 45 allows passage of 

only P polarized light among laser light inputted. Therefore, 
only P polarized light, among laser light passed through the 
slit 50 of the light emitting slit plate 44, passes through the 
light emitting polarization plate 45, and is inputted to the 
beam splitter 46. The light polarization film 53 of the beam 
splitter 46 allows passage of only P polarized light among 
laser light inputted from the light emitting element 41 side 
(left side). In this way, laser light passes through the light 
emitting polarization plate 45 and the light polarization film 
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53 which allow passage of only P polarized light respectively, 
and thereby, it is possible to detect only P polarized light from 
laser light, with high accuracy. 

Laser light (P polarized light), which passed through the 
light polarization plate 53 of the beam splitter 46, is emitted 
from a right side Surface of the beam splitter 46, and passes 
through the transparent plate 9. By this means, laser light is 
irradiated from the switch main body 1 toward the regressive 
reflection plate 2, and if the object 6 does not exist between 
the switch main body 1 and the regressive reflection plate 2, 
irradiated laser light is reflected by the regressive reflection 
plate 2 without being blocked by the object 6. Laser light is 
converted from P polarized light into S polarized light, as 
described above, on the occasion that it is reflected by the 
regressive reflection plate 2. 

Reflected light (S. polarized light) from the regressive 
reflection plate is inputted from the light receiving surface 7 
to the switch main body 1. The light receiving surface 7 is 
formed in a nearly square shape in which a length of one edge 
is approximately 3.5 mm. A distance from an irradiation point 
P1 of the light emitting element 41 to the light receiving 
surface 7 is approximately 10 mm. Reflected light, which was 
inputted from the light receiving surface 7 to the switch main 
body 1, passes through the transparent plate 9, and reaches to 
the beam splitter 46. The light polarization film 53 of the 
beam splitter 46 reflects only S polarized light among laser 
light inputted from the regressive reflection plate 2 side (right 
side). Therefore, laser light, which was inputted to a right side 
surface of the beam splitter 46, is reflected by the light polar 
ization film 53, and thereby, a traveling direction of laser light 
is changed by 90°, and heads off to the light receiving polar 
ization plate 47 side. The light receiving polarization plate 47 
allows passage of only S polarized light among laser light 
inputted. In this way, laser light is reflected by the light 
polarization film 53 which reflects only Spolarized light, and 
passes through the light receiving polarization plate 47 which 
allows passage of only S polarized light, and thereby, it is 
possible to extract only Spolarized light from laser light, with 
high accuracy. 

FIGS. 5 (a) and (b) are pattern views each of which shows 
one example of a reflection mode of laser light on the three 
dimensional reflection surface 100 of the regressive reflection 
plate 2. In an example shown in FIG. 5(a), on the regressive 
reflection plate 2, the three-dimensional reflection surface 
100 is formed by such a matter that a lot of plural protruding 
portions (so-called sites) of triangular shape in section are 
disposed. Each site of the three-dimensional reflection sur 
face 100 is configuring a plurality of flat surfaces which 
intersect with one another by an angle of 90°, and laser light 
B, which is inputted to the regressive reflection plate 2, is 
reflected by the three-dimensional reflection surface 100, and 
thereby, a traveling direction is changed by nearly 180°. 

There is fluctuation of accuracy in a reflection angle of 
laser light in the three-dimensional reflection surface 100 of 
the regressive reflection plate 2. That is, in an example shown 
in FIG. 5 (b), because of angular fluctuation of the three 
dimensional reflection plate 100, a traveling direction of laser 
light B, which his inputted to the three-dimensional reflection 
surface 100, is not converted by an angle of 180° with high 
accuracy. In addition, in an example shown in FIG. 5(c), 
because of undulation, which is generated on a base material 
101 on which the three-dimensional reflection surface 100 is 
formed, or is generated on a protective sheet which is attached 
to the three-dimensional reflection surface 100, angular fluc 
tuation of the three-dimensional reflection surface 100 is 
generated. Laser light B, which is inputted to the regressive 
reflection plate, is reflected by the three-dimensional reflec 
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tion Surface, and thereafter, returned over spreading by a, 
predetermined spread angle, but some errors may be observed 
partially in a spread angle of laser light B, due to accuracy 
fluctuation etc. of the reflection angle of laser light as shown 
in FIGS. 5(b), (c). Therefore, if a receiving surface of 
reflected light in a switch main body (such a surface that 
reflected light is inputted to the switch main body) is widened, 
light reflected by a lot of sites in the three-dimensional reflec 
tion surface of the regressive reflection plate is inputted to the 
Switch main body. Thus, an error on the occasion of compar 
ing an amount of light received with a threshold value is 
Small, and it is possible to detect an object with higher accu 
racy. However, when the light receiving surface of reflected 
light in the switch main body is widened, an outer shape of the 
main body becomes large by that much, and therefore, there is 
Sucha problem that it is not possible to realize miniaturization 
of the main body. 

In addition, depending on a mounting position of the 
regressive reflection plate 2, the regressive reflection plate 2 
vibrates and a spot position in the regressive reflection plate 2 
varies, and it is conceivable that this is a main cause of such a 
matter that it is not possible to detect an object favorably. In 
addition, in the Such like case, a large error is observed in a 
spread angle of reflected light at a spot position on the regres 
sive reflection plate 2 and a spread angle and a spreading 
direction of reflected light from each site change consider 
ably. Therefore, an amount of light from each side fluctuates, 
and fluctuation of an amount of light received becomes large, 
and there is such a problem that it is not possible to detect an 
object favorably. 

Laser light (S polarized light), which passed through the 
light receiving polarization plate 47, is inputted to the light 
inputting surface 54 of the light receiving lens 48. On the light 
inputting Surface 54 of the light receiving lens 48, a spherical 
shaped convex curved surface is formed, and laser light is 
focused by passing through this convex curved Surface. A part 
of laser light, which was focused by passing through the light 
receiving lens 48, passes through the nearly rectangular 
shaped slit 55 formed in the light receiving slit plate 49, and 
is received by the light receiving element 42 which is config 
ured by a photo diode. In this way, laser light passes through 
the slit 55, and thereby, it is possible to block entrance of 
disturbance light such as Sunlight and light from a fluorescent 
lamp, Data of a received light amount of laser light received 
by the light receiving element 42 is transmitted-to the con 
troller 4 through the cable 3. The controller 4 comprises CPU 
(not shown in the figure), and this CPU compares received 
data of a received light amount with a predetermined thresh 
old value, and thereby, detects presence and absence of the 
object 6 between the switch main body 1 and the regressive 
reflection plate 2. That is, CPU judges that the object 6 does 
not exist if a received light amount is the predetermined 
threshold value or more, and judges that the object 6 exists if 
a received light amount is less than the predetermined thresh 
old value. 

Dimensions of the switch main body 1 depend on dimen 
sions of each component of the optical system 40 and a 
disposal configuration, and dimensions of other components 
such as the light emitting circuit substrate 60, the light receiv 
ing circuit substrate 70 and the holding substrate 80, and 
disposal configurations, etc. The Switch main body 1 of this 
embodiment is miniaturized very much as compared to a 
conventional one, in Such a manner that a length L1 along an 
irradiation direction from the light emitting element 41 is set 
to approximately 23 mm, and a length L2 along a light emit 
ting direction to the light receiving element 42 is set to 
approximately 18 mm, and a length L3 in a direction (thick 
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ness direction) intersecting with these directions L1, L2 is set 
to approximately 8.5 mm, as shown in FIG. 1, by devising 
these dimensions and disposal configurations. 

FIGS. 6 (a) and (b) are perspective views of the light 
emitting lens 43 of FIG.3. FIG. 6(a) shows a perspective view 
from the side opposite to the light emitting element 41, and 
FIG. 6(b) shows a perspective view from the light emitting 
element 41 side. This light emitting lens 43 is configured in 
Such a manner that a main body portion 90, a nearly circular 
pole shaped first protruding portion 91, and a nearly circular 
pole shaped second protruding portion 92, are integrally 
molded by transparent resin or glass. The main body portion 
90 is formed in a nearly rectangular shape when it is viewed 
on a plane Surface, from the light emitting element 41 side. 
The nearly circular pole shaped first protruding portion 91 is 
protruded from a surface of this main body portion 90 on the 
side of the light emitting element 41 toward the light emitting 
element 41 side. The nearly circular pole shaped second pro 
truding portion 92 is protruded on the same axis line from a 
surface of this first protruding portion 91 on the side of the 
light emitting element 41 toward the light emitting element 41 
side, and is of a smaller diameter than that of the first protrud 
ing portion 91. On a step portion formed by the second pro 
truding portion 92, it is possible to dispose a slit for blocking 
Such a matter that light is inputted to a portion other than a 
concave curved surface 95 of a light inputting surface 93. 
which will be described later. 
A surface of the second protruding portion 92 on the side of 

the light emitting element 41 configures the light inputting 
surface 93 to which laser light, that was irradiated from the 
light emitting element 41, is inputted. In addition, a surface of 
the main body portion 90 on the side opposite to the light 
emitting element 41 configures the light emitting Surface 94 
which converts laser light into nearly parallel light and emits 
it. A distance of the light inputting surface 93 and the light 
emitting surface 94 is approximately 2.7 mm. On the light 
inputting surface 93, the spherical shaped concave curved 
surface 95, which is concave to the side opposite to the light 
emitting element 41, is formed. On the one hand, on the light 
emitting Surface 94, a spherical shaped convex curved Surface 
96, which overhangs to the side opposite to the light emitting 
element 41, is formed. 
The concave curved surface 95 is of a nearly circular shape 

with a diameter of approximately 0.78 mm when it is viewed 
ona plane Surface from the light emitting element 41 side, and 
a curvature radius is approximately 0.53 mm. On the one 
hand, the convex curved surface 96 is of a nearly circular 
shape with a diameter of approximately 2.6 mm when it is 
viewed on a plane Surface from the side opposite to the light 
emitting element 41, and a curvature radius is approximately 
1.96 mm. In this manner, when it is viewed on a plane Surface, 
an area of the concave curved surface 95 is formed so as to 
become smaller than an area of the convex curved surface 96. 
It is preferable that a diameter of the concave curved surface 
95 is approximately one third through one fourth of a diam 
eter of the convex curved surface 96. This is because it is not 
possible to measure Surface accuracy in relation to another 
measurement device, unless the above-mentioned diameter 
range is not satisfied, from a viewpoint of molding a lens. In 
addition, when a displacement error is taken into consider 
ation, in order to carry out light blocking of a portion other 
than the concave curved surface 95 by black silk printing, it is 
reasonable to form the concave curved surface 95 with the 
above-mentioned diameter range. The concave curved Sur 
face 95 and the convex curved surface 96 are disposed in such 
a manner that respective center axis lines are allocated on the 
same straight line along an irradiation direction of laser light. 
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Further, in the embodiment, the concave curved surface 95 
and the convex curved surface 96 are composed of the a 
spherical lens. 

FIGS. 7(a) and (b) schematic light path views each of 
which shows an appearance of laser light on the occasion of 
passing through the light emitting, lenses 43, 143. FIG. 7(a) 
shows a case by use of the light emitting lens 43 in this 
embodiment and FIG. 7(b) shows a case by use of the light 
emitting lens 143 in related art. As shown in FIG. 6, laser 
light, which is irradiated from the light emitting element 41, 
is inputted to the light emitting lenses 43,143 over spreading 
by a predetermined angle (spread angle) to its optic axis A. 

In FIG. 7(a), laser light, which was irradiated from the light 
emitting element 41, is inputted to the concave curved Surface 
95 of the light inputting surface 93. A spread angle of laser 
light is enlarged on the occasion of inputting from the concave 
curved surface 95 to an inside of the light emitting lens 43, 
and passes through an inside of the light emitting lens 43 by 
the enlarged spread angle. A shape (diameter) of the convex 
curved surface 96 of the light emitting surface 94 is set up so 
as to corresponds to such a range that laser light, in which a 
spread angle was enlarged by the convex curved surface 95. 
reaches to the light emitting Surface 94, in case that laser light 
is inputted to the entire convex curved surface 95 of the light 
inputting surface 93. Therefore, almost all of laser light, 
which reached from the light inputting surface 93 to the light 
emitting surface 94, is emitted through the convex curved 
surface 96. As to laser light emitted from the light emitting 
lens 43, a spread angle is reduced on the occasion that it 
passes through the convex curved surface 96, and becomes 
nearly parallel light. A distance L4 from an irradiation point 
of the light emitting element 41 up to a bottom point P2 of the 
concave curved, surface 95 is approximately 3 mm. In addi 
tion, a distance L5 from the irradiation point P1 of the light 
emitting element 41 up to a top point P3 of the convex curved 
surface 96 is approximately 6 mm. 
The light emitting lens 143 of related art shown in FIG.7(b) 

has such a shape that the light inputting surface 193 on the 
light emitting element 41 side is formed by a flat Surface, and 
a convex curved surface 195 is formed on a light emitting 
surface 194 on the side opposite to the light emitting element 
41. A distance of the light inputting surface 193 and the light 
emitting Surface 194 is approximately 1.3 mm. In addition, 
the convex curved surface 195 is of a nearly circular shape 
with a diameter of approximately 2.6 mm when it is viewed 
ona plane Surface from the light emitting element 41 side, and 
a curvature radius is approximately 3.5 mm. A distance from 
the irradiation point P1 of the light emitting element 41 up to 
a top point P4 of the convex curved surface 195 is approxi 
mately 6 mm which is the same as the distance L5 from the 
irradiation point P1 up to the top point P3 of the convex 
curved surface 96 in the light emitting lens 43 of FIG. 7(a). In 
this regard, however, as the light emitting lens of related art, 
in addition to a thing of Such a shape that the light inputting 
surface 193 is formed by a flat surface as described above and 
the convex curved surface 195 is formed on the light emitting 
Surface 194, a thing of Such a shape that a convex curved 
Surface is formed on a light inputting Surface and a light 
emitting Surface is formed by a flat Surface has been also 
known. 

In FIG.7(b), laser light, which was irradiated from the light 
emitting element 41, is inputted to the light inputting Surface 
193 which is composed of a flat surface, and passes through 
an inside of the light emitting lens 143 without almost no 
change of its spread angle. Then, as to laser light reached to 
the convex curved surface 195 of the light emitting surface 
194, a spread angle is reduced on the occasion of passing 
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through the convex curved surface 195, and it becomes nearly 
parallel light. Each light emitting lens 43,143 shown in FIGS. 
7(a) and (b) has a different shape, respectively, but an irra 
diation range of nearly parallel light, which is emitted from 
each light emitting surface 94, 194, is almost the same. 

FIGS. 8(a) and (b) views each of which schematically 
shows intensity distribution of laser light on the occasion of 
passing through each light emitting lens 43,143 of FIGS. 7(a) 
and (b). FIG. 8(a) shows a case by use of the light emitting 
lens 43 of this embodiment, and FIG. 8(b) shows a case by use 
of the light emitting lens 143 of related art. 

Firstly, the light emitting lens 143 of related art shown in 
FIG. 8(b) will be explained. In this light emitting lens 143, the 
light inputting surface 193 is formed by a flat surface, and 
therefore, as described above, laser light, which was inputted 
to the light inputting surface 193, reaches to the light emitting 
Surface 194 without almost no change of a spread angle. Laser 
light has such a characteristic that the more it is proximate to 
the optic axis A, the more its intensity distribution becomes 
uniform, and the more it is separated from the optic axis A, the 
more its intensity distribution becomes non-uniform. If a 
spread angle is not changed like this light emitting lens 143, 
laser light reaches to the light emitting surface 194 over 
keeping a ratio of intensity distribution on the occasion that it 
was irradiated from the light emitting element 41. Therefore, 
intensity distribution of laser light, which reached to the light 
emitting Surface 194, is uniform to a certain degree in a range 
close to the optic axis A, as shown in FIG. 8(b), but shows 
such intensity distribution that if it is separated from the optic 
axis A little bit, intensity comes down rapidly. If a distance of 
the light emitting element 41 and the light emitting lens 143 is 
widened, it is possible to make intensity distribution of laser 
light which reaches to the light emitting surface 194 more 
uniform, but in case that the above-mentioned distance L5 is 
set to a constant Small value from a constraint due to minia 
turization of the optical system 40, non-uniform intensity 
distribution as shown in FIG. 8(b) is obtained. 
On the one hand, in the light emitting lens 43 of this 

embodiment shown in FIG. 8(a), only laser light in a range S 
close to the optic axis A, among laser light irradiated from the 
light emitting element 41, is inputted to the convex curved 
surface 95 of the light inputting surface 93. Laser light in this 
range S shows more uniform intensity distribution as com 
pared to laser light in a range other than that (range separated 
from the optic axis A). In this manner, when only laser light 
having more uniform intensity distribution in the range S is 
enlarged by the convex curved surface 95, intensity distribu 
tion of laser light reached to the light emitting surface 94 
becomes, as shown in FIG. 8(a), intensity distribution in 
which the uniform range S to the optic axis A was enlarged. 
As apparent from the above-mentioned comparison result, 

according to this embodiment, only laser light close to the 
optic axis A is inputted, and its spread angle is enlarged, and 
thereby, it is possible to emit nearly parallel light in which 
intensity distribution is more uniform, from the convex 
curved surface 96. If intensity distribution of light, which his 
emitted from the light emitting lens 43, is uniform, it is 
possible to reduce an error on the occasion of comparing a 
received light amount of reflected light with a threshold value, 
and therefore, it is possible to detect the object 6 with high 
accuracy, even if the light receiving surface 7 of reflected light 
in the Switch main body 1 is Small. In addition, also in case 
that the regressive reflection plate 2 is vibrating, fluctuation 
quantity of a received light amount in the light receiving 
element 32 is few, and it is possible to detect the object 6 
favorably. Therefore, even if the switch main body 1 is min 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
iaturized by reducing the light receiving Surface 7, it is pos 
sible to detect the object 6 with high accuracy. 

In addition, in case of Such a configuration that the beam 
splitter 46 is disposed on the same straight line as the light 
emitting element 41 and the light emitting lens 43, like this 
embodiment, it is not possible to ensure a very large distance 
between the light emitting element 41 and the light emitting 
lens 43, in order to miniaturize the switch main body 1, but by 
enlarging a spread angle of laser light inputted from the light 
emitting element 41 to the light emitting lens 43 through the 
use of the concave curved surface 95, it is possible to obtain 
nearly parallel light having a sufficient irradiation range on 
the convex curved surface 96. In addition, by utilizing the 
concave curved surface 95, it is possible to make intensity 
distribution in the irradiation range uniform, and therefore, it 
is possible to obtain the same advantage as in the case that the 
light emitting element 41 and the light emitting lens 43 are 
separated in terms of a distance. Therefore, even in case of a 
configuration equipped with a beam splitter 46, it is possible 
to realize miniaturization over keeping an irradiation range 
and intensity distribution in the irradiation range, and it is 
possible to reduce deviance of an optic axis which goes with 
enlargement of a distance of the light emitting element 41 and 
the light emitting lens 43, and therefore, it is possible to 
provide a small side regressive reflection type photoelectric 
switch which can detect the object 6 with high accuracy. 

In this embodiment, as shown in FIG. 2, the slit 34, through 
which laser light heading off from the light emitting element 
41 to the light emitting lens 43 is formed on the rib 33 
disposed between the light emitting element 41 and the light 
emitting lens 43. This slit 34 has a shape which corresponds 
to a shape of the concave curved surface 95 of the light 
emitting lens 43. That is, a shape of the slit 34 is set up in such 
a manner that it is possible to irradiate laser light only to the 
concave curved surface 95 of the light emitting lens 43, by 
Such a matter that laser light heading off from the light emit 
ting element 41 to the light emitting lens 43 passes through 
the slit 34. By this means, it is possible to suppress noises at 
the time of detection, which are generated by Such a matter 
that laser light is inputted to a portion other than the concave 
curved surface 95 on the light inputting surface 93 of the light 
emitting lens 43, and therefore, it is possible to detect the 
object 6 with higher accuracy. In this way, by adopting the 
light emitting lens 43 utilizing the above-described concave 
curved surface 95, miniaturization of the optical system 40 
also becomes possible. In addition, there is no case of block 
ing miniaturization by disposal of the above-described circuit 
Substrate etc., by miniaturization of the optical system 40, and 
therefore, overall miniaturization of a photoelectric switch 
becomes possible. 

FIGS. 9 and 10 are perspective views for explaining about 
a procedure on the occasion of fabricating the Switch main 
body 1 of FIG. 2, and in FIG. 10, the connector 28 is omitted. 
In addition, FIGS. 11 (a) and (b) are vertical cross sectional 
views of the switch main body1 in a fabricated situation. FIG. 
11 (a) shows Such a view that a vertical cross section along 
backward and forward directions is viewed from a right side, 
and FIG.11 (b) shows such a view that a vertical cross section 
along backward and forward directions is viewed from a left 
side. 
On the occasion of fabricating this switch main body 1, 

firstly, the transparent plate 9, the light emitting lens 43, the 
light receiving lens 48, the beam splitter 46, the light emitting 
slit plate 44 and the light receiving slit plate 49 are inserted in 
the first casing 21 through the opining portion 23 from above, 
sequentially, and mounted at a corresponding mounting posi 
tion on the mounting Surface 32. The light emitting lens 43. 
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the light receiving lens 49, the beam splitter 46, the light 
emitting slit plate 44 and the light receiving slit plate 49 are 
fixed by press fitting or adhesion from a back surface. The 
transparent plate 9 is fixed by fitting of the first casing and the 
second casing 22, but not by press fitting or adhesion. Mean 
while, the light emitting polarization plate 45 and the light 
receiving polarization plate 47 has been attached on a side 
surface of the beam splitter 46 in advance. 

After that, the light receiving element 42 is inserted from 
above in the first casing 21 through the opening portion 23. 
The light receiving element 42 has been mounted on the 
holding substrate 80 in advance, by such a matter that two 
connection terminals of different lengths are solder-mounted 
on the holding substrate 80. When the light receiving element 
42 is disposed at a corresponding mounting position on the 
mounting surface 32, the holding substrate 80, which holds 
the light receiving element 42, is disposed on the mounting 
surface 32 with a standing posture toward above. 

In this way, components other than the light emitting ele 
ment 41 among respective components of the optical system 
40 is mounted on the mounting surface 32, and thereafter, the 
light receiving circuit substrate 70 is inserted from above in 
the first casing 21 through the opening portion 23. On a right 
side edge of the light receiving circuit substrate 70, a cutout 
71 for avoiding a contact by having connection terminals of 
the light receiving element 42, which have been already dis 
posed in the first casing, passed through at the time of inser 
tion in the first casing 21, is formed. The light receiving circuit 
substrate 70 is supported at three points by three ribs formed 
on the mounting Surface 32 with the same heights, and as 
shown in FIG.9, it is turned into such a situation that the right 
side edge comes close to the holding substrate 80. In this 
situation, by solder-mounting two lands 72 formed so as to 
sandwich the cutout 71 on a right side end portion on an upper 
surface of the light receiving circuit substrate 70 at a right 
angle to the orthogonal holding substrate 80, the light receiv 
ing circuit substrate 70 and the holding substrate 80 are elec 
trically connected to each other. The holding substrate 80 is 
positioned by a rib and a groove formed on and in the first 
casing 21. 

After that, the light emitting element 41 is inserted from the 
opening portion 24 in the first casing 21 toward a right side. 
The light emitting element 41 is fixed on the mounting Surface 
32 by so-called UV adhesion (UV cure adhesion), after an 
optic axis is adjusted by use of an optic axis adjustment jig 
(not shown in the figure). To connection terminals of the light 
emitting element 41 fixed in this way, a flexible substrate (not 
shown in the figure) for electrically connecting the light emit 
ting element 41 and the light emitting circuit substrate 60 is 
solder-mounted. In order to avoid erroneous light emission of 
the light emitting element 41 due to noises and static electric 
ity, and excessive light emission, there is high necessity to 
shield terminals of this light emitting element 41 and a vari 
able resistor 67 which will be described later. 
A part of a left end rim of the light receiving circuit sub 

strate 70 has become a protruding portion 73 which protrudes 
toward a left side in a nearly triangular shape. One edge of the 
protruding portion 73 faces to the connector mounting open 
ing 29, and three lands 74 are lined up along its one edge. 
These lands 74 are used for electrically connecting the light 
receiving circuit substrate 70 to the connector 28. 
On a surface on a side which is disposed so as to face to the 

connector mounting opening 29 for the connector 28, total 6 
pins, which are composed of upper side three pins 36 which 
are disposed in line in a horizontal direction and lower side 
three pins 37 which are disposed in line in a horizontal direc 
tion below these upper side three pins 36, are disposed so as 
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to protrude by two-tier disposal. The upper side three pins 26 
are formed with nearly the same predetermined length, 
respectively. The lower side three pins 37 are formed with 
nearly the same length, respectively, and formed so as to be 
longer than the upper side three pins 36. 
When the connector 28 is mounted to the connector mount 

ing opening 29 after the light receiving circuit substrate 70 is 
mounted on the mounting Surface 32, the lower side three pins 
37 of the connector 28 faces to the three lands 74 of the light 
receiving circuit Substrate 70, respectively, in an adjacent or 
contacted situation (see, FIG. 11(a)). In this situation, by 
solder-mounting each pin 37 and corresponding land 74. 
respectively, the connector 28 and the light receiving circuit 
substrate 70 are electrically connected to each other. At this 
time, since the lower side three pins 37 of the connector 28 are 
formed longer than the upper side three pins 36, the upper side 
three pins 36 does not interfere with solder-mounting, and 
workability of solder-mounting can be improved. After that, a 
shield plate (which will be described later) is mounted at a 
predetermined position of an upper Surface of the light receiv 
ing circuit substrate 70, and the shield plate is solder-mounted 
to the light receiving circuit substrate 70 or the holding sub 
strate 80, and thereby, the shield plate is electrically con 
nected to the light receiving circuit substrate 70 or the holding 
substrate 80, and its position is fixed. 

After mounting of the light receiving circuit substrate 70 is 
completed in this way, the plate shaped cover member 38 (see, 
FIG. 11) is mounted from above so as to cover at least a part 
of the optical system 40. This cover member 38 is formed by 
for example, block colored resin, and prevents leakage of 
laser light which passes through the optical system, by cov 
ering an upper side of the light emitting element 41, the light 
emitting lens 43, the light emitting slit plate 44, the light 
emitting polarization plate 45, the beam splitter 46, the light 
receiving polarization plate 47 and the light receiving lens 48. 

After that, the light emitting circuit substrate 60 is inserted 
from above in the first casing 21 through the opening portion 
23, and thereby, as shown in FIG. 10, disposed so as to be 
above and face to the light receiving circuit substrate 70 with 
spacing a certain distance. At this time, the light emitting 
circuit substrate 60 is slid from a rightward upper side toward 
a leftward lower side to the opening portion 23, and thereby, 
its left end portion is inserted so as to gain entrance into a 
lower side of the upper side three pins 36 of the connector 28. 
The light emitting circuit substrate 60 is disposed so as to 

cover an upper side of the light receiving circuit substrate 70 
and the cover member 38. By this means, the light receiving 
circuit substrate 60 is disposed so as to be overlapped with the 
light emitting element 41, the light emitting lens 43, the light 
emitting slit plate 44, the light emitting polarization plate 45. 
the beam splitter 46, the light receiving polarization plate 47 
and the light receiving lens 48 among respective components 
of the optical system 40, when they are viewed from an upper 
side. On a right front side corner portion of the light emitting 
circuit substrate 60, a nearly rectangular shaped cutout 63 is 
formed, and by this means, the light emitting circuit Substrate 
60 is formed in a nearly L shape when it is viewed on a plane 
Surface. In such a situation that the light emitting circuit 
substrate 60 is disposed in the first casing 21, it is turned into 
Such a situation that the light receiving element 42 and the 
holding substrate 80 overhand to a more upper side than the 
light emitting circuit substrate 60 through the cutout 63 (see, 
FIGS. 10 and 11(b)). 
A part of a left end rim of the light emitting circuit substrate 

60 has become a protruding portion 61 which protrudes 
toward a left side in a nearly triangular shape. This protruding 
portion 61 faces to an upper side of the protruding portion 73 
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of the light receiving circuit substrate 70. One edge of the 
protruding portion 61 faces to the connector mounting open 
ing 29, and three lands 62 are formed in line along the one 
side. These lands 62 are used for electrically connecting the 
light emitting circuit substrate 60 to the connector 28. 

In Such a situation that the light emitting circuit Substrate 
60 is disposed in the first casing 21 so as to be inserted in a 
lower side of the upper side three pins 36 of the connector, the 
upper side three pins 36 faces to the three lands 62 of the light 
emitting circuit Substrate 60, respectively, in an adjacent or 
contacted situation (see, FIG. 11(a)). In this situation, by 
solder-mounting each pin 36 and corresponding land 62, 
respectively, the connector 28 and the light emitting circuit 
substrate 60 are electrically connected to each other. At this 
time, a flexible substrate, which is mounted to the light emit 
ting element 41, is also solder-mounted to the light emitting 
circuit substrate 60, and thereby, the light emitting element 41 
is electrically connected to the light emitting circuit Substrate 
60. After that, a shield plate (which will be described later) is 
mounted at a predetermined position of an upper Surface of 
the light emitting circuit substrate 60, and the shield plate is 
solder-mounted to the light emitting circuit substrate 60 and 
thereby, the shield plate is electrically connected to the light 
emitting circuit Substrate 60, and its position is fixed. 

After that, the indicating lamp 11 is mounted to the indi 
cating lamp mounting opening 35, and the second casing is 
mounted from an upper side So as to cover the opening portion 
23 on an upper Surface of the first casing 21, and thereby, 
fabrication of the switch main body 1 is completed. 

FIG. 12 is a plan view of the light emitting circuit substrate 
60 when it is viewed from above. The light emitting circuit 
Substrate 60 is configured by a hard Substrate such as a glass 
epoxy substrate. On the light emitting circuit substrate 60, a 
mounting Surface 64 is formed only on an upper Surface, and 
a light emitting APC (Auto Power Control) circuit 65 and a 
monitor signal amplifying circuit 66 are mounted on the 
mounting surface. The light emitting APC (Auto Power Con 
trol) circuit 65 and the monitor signal amplifying circuit 66 
are disposed at a rear portion of an upper Surface of the light 
emitting circuit substrate 60, and electrically connected to 
each other by print wiring which is not shown in the figure, 
and connected to the land 62. 

The monitor signal amplifying circuit 66 amplifies a moni 
tor signal which corresponds to an output value of laser light 
in the light emitting element 41, and monitors the monitor 
signal, and thereby, detects an output value of laser light. The 
light emitting APC circuit 65 carries out control in such a 
manner that an output value becomes nearly constant, by 
adjusting an output value of laser light on the basis of a 
monitor result by the monitor signal amplifying circuit 66. 
The monitor result by the monitor signal amplifying circuit 
66 is also transmitted to the controller 4 through the connector 
28 and the cable 3, and the controller 4 detects excessive 
irradiation etc. of laser light due to failure of the light emitting 
element 41, on the basis of the received monitor result. 
The light emitting APC circuit 65 includes a light emitting 

portion power Supply circuit (not shown in the figure) for 
electric power Supply to each electric component mounted on 
the light emitting circuit substrate 60. In addition, on the light 
emitting APC circuit 65, the variable resistor 67 for adjusting 
an irradiated light amount of laser light irradiated from the 
light emitting element 41 is mounted. After the light emitting 
circuit substrate 60 is mounted in the first casing 21, an 
adjustment tool is inserted from the opening portion 23 of an 
upper Surface of the first casing 21, and a resistance value of 
the variable resistor 67 is adjusted, and thereby, it is possible 
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to carry out a work of adjusting an irradiated light amount of 
the light emitting element 41 to a predetermined reference 
value. 

After adjustment of an irradiated light amount is carried 
out by the variable resistor 67, the shield plate 68 is mounted 
from an upper side to the mounting Surface 64 of the light 
emitting circuit Substrate 60, so as to cover the light emitting 
APC circuit 65 and the monitor signal amplifying circuit 66. 
The shield plate is composed of one thin stainless-steel (e.g., 
SUS304 steel) plate. On the light emitting circuit substrate 
60, a ground layer (not shown in the figure) is formed nearly 
on a whole surface, and the shield plate 68 is electrically 
connected to this ground layer, and thereby, the light emitting 
APC circuit 65 and the monitor signal amplifying circuit 66 
are covered by the shield plate 68 and the ground layer, and an 
influence of an electromagnetic field etc. are blocked. 

Adjustment of an irradiated light amount of the light emit 
ting element 41 by the variable resistor 67 is carried out after 
the light receiving circuit substrate 70 and the light emitting 
circuit substrate 60 are incorporated in the first casing 21, but 
at this time, if the light receiving circuit substrate 70 is dis 
posed on an more upper side (opening portion 23 side) than 
the light emitting circuit substrate 60, it is not possible to 
operate the variable resistor 67. If it is configured in such a 
manner that the light emitting circuit substrate 60 is disposed 
on the opening portion 23 side rather than the light receiving 
circuit substrate 70, like this embodiment, even after the light 
receiving circuit substrate 70 and the light emitting circuit 
substrate 60 are incorporated into the first casing 21, it is 
possible to carry out adjustment of an irradiated light amount 
of the light emitting element 41 by operating the variable 
resistor 67 from the opening portion 23 side. 

FIGS. 13 (a) and (b) are plan views of the light receiving 
circuit substrate 70, and FIG. 13(a) is a view viewed from an 
upper side, and FIG. 13(b) is a view viewed from a lower side. 
The light receiving circuit substrate 70 is configured by a hard 
Substrate Such as a glass epoxy Substrate. On the light receiv 
ing circuit substrate 70, mounting surfaces 75, 76 are formed 
on its upper and lower, both Surfaces, respectively. A light 
receiving signal amplifying circuit 77 is mounted on the 
upper side mounting Surface 75, and a light receiving section 
power supply circuit 78 is mounted on the lower side mount 
ing Surface 76. The light receiving signal amplifying circuit 
77 is disposed so as to be connected to the land 72 on an upper 
surface front portion of the light receiving circuit substrate 70. 
The light receiving power supply circuit 78 is disposed on a 
lower Surface center portion of the light receiving circuit 
substrate 70. The light receiving signal amplifying circuit 77 
and the light receiving power supply circuit 78 are electrically 
connected to each other, by print wiring which is not shown in 
the figure, and connected to the land 74. 
The light receiving signal amplifying circuit 77 amplifies a 

light receiving signal which corresponds to a received light 
amount of laser light in the light receiving element 42. The 
light receiving power supply circuit 78 is an electric circuit for 
electric power Supply to each electric component mounted on 
the light receiving circuit substrate 70. 
On the light receiving circuit substrate 70, a shield plate 79 

is mounted, so as to cover the light receiving signal amplify 
ing circuit 77 mounted on the upper side mounting surface 75, 
in Such a situation that it is mounted on the mounting Surface 
32 in the first casing 21. The shield plate 79 is composed of 
one thin stainless-steel (e.g., SUS304 steel) plate. On the light 
receiving circuit Substrate 70, a ground layer (not shown in 
the figure) is formed nearly on a whole surface, and the shield 
plate 79 is electrically connected to this ground layer, and 
thereby, the light receiving signal amplifying circuit 77 is 
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covered by the shield plate 79 and the ground layer, and an 
influence of an electromagnetic field etc. are blocked. 

FIG. 14 is a block diagram which shows an electric con 
figuration of the regressive reflection type photoelectric 
switch of this embodiment. The switch main body 1 and the 
controller 4 are electrically connected to each other, through 
the cable 3 including a light emitting power Supply line, a 
monitor line and a GND (ground) line connected to the light 
emitting circuit substrate 60. 
The Switch main body 1 comprises a monitor light receiv 

ing element 69 which receives light irradiated from the light 
emitting element 41 and outputs a monitor signal, in addition 
to the above-mentioned indicating lamp 11, the light emitting 
element 41 and the light receiving element 42, the light emit 
ting APC circuit 65 and the monitor signal amplifying circuit 
66 mounted on the light emitting circuit substrate 60, and the 
light receiving signal amplifying circuit 77 and the light 
receiving section power Supply circuit 78 mounted on the 
light receiving circuit substrate 70. The light emitting element 
41 is connected to the light emitting APC circuit 65. The 
monitor light receiving element 69 is connected to the light 
emitting APC circuit 65 and the monitor signal amplifying 
circuit 66. The light receiving element 42 is connected to the 
light receiving signal amplifying circuit 77. 
The controller comprises a control section 401, a storage 

section 402, a controller power supply circuit 403, an I/O 
(Input/Output) circuit 404, a display circuit 405, a switch 
input circuit 406, a light emitting power Supply control circuit 
407, an indicating lamp power supply control circuit 408, an 
emitted light amount monitor circuit 409, a controller ampli 
fying circuit 410, ahead identifying circuit 411, ahead power 
supply circuit 412 and an A/D (Analog/Digital) converters 
413, 414,415. The storage section 402, the I/O circuit 404, the 
display circuit 405, the switch input circuit 406, the light 
emitting power Supply control circuit 407, the indicating 
lamp power supply control circuit 408 and the head power 
Supply circuit 412 are directly connected to the control sec 
tion 401, and the emitted light amount monitor circuit 409, the 
controller amplifying circuit 410 and the head identifying 
circuit 411 are connected to the control section 401, through 
the A/D converters 413, 414, 415, respectively. 

The control section 401 comprises CPU (not shown in the 
figure), and controls operations of the controller 4 and the 
switch main body 1 connected to the controller 4. The storage 
section 402 comprises RAM (not shown in the figure), and 
stores data required at the time of control. The controller 
power supply control circuit 403 is an electric circuit for 
electric power Supply to each electric component provided in 
the controller 4. The I/O circuit 404 has one input terminal 
and two output terminals, and connects the controller 4 to an 
external device. The display circuit 405 is an electric circuit 
for display of a level of a received light amount in the light 
receiving element 41 and a threshold value at the time detec 
tion, etc. The switch input circuit 406 is an electric circuit for 
processing a setting operation by a Switch input Such as mode 
Setting. 
The light emitting power supply control circuit 407 con 

trols electric power to be supplied to each electric component 
provided on the light emitting circuit substrate 60 of the 
Switch main body 1. The indicating lamp power Supply con 
trol circuit 408 controls electric power to be supplied to the 
indicating lamp 11 of the switch main body 1. The light 
emitting power Supply control circuit 407 and the indicating 
lamp power supply control circuit 408 are connected in the 
controller 4, and connected to the light emitting APC circuit 
65 and the indicating lamp 11 of the switch main body 1, 
respectively, through a common light emitting power Supply 
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line. The GND line, which is connected to the light emitting 
circuit Substrate 60, connects each electric component, which 
is provided on the light emitting circuit substrate 60, to 
ground, and to this GND line, the shield plate 68 (see, FIG. 
12), which is mounted on the mounting surface 64 of the light 
emitting circuit Substrate 60, is connected. 
The controller amplifying circuit 410 and the head identi 

fying circuit 411 are connected in the controller 4, and con 
nected to the light receiving signal amplifying circuit 77 of 
the Switch main body 1, through a common signal line. The 
controller amplifying circuit 410.amplifies a light receiving 
signal received from the light receiving signal amplifying 
circuit 77, and the control section 401 detects an amount of 
light received in the light receiving element 42 on the basis of 
the amplified light receiving signal. The head identifying 
circuit 411 is an electric circuit for identifying a type of the 
switch main body 1 (head) connected to the controller 4. The 
head power Supply circuit 412 is connected to the light receiv 
ing section power supply circuit 78 of the switch main body 1, 
and controls electric power to be supplied to electric compo 
nents provided on the light receiving circuit substrate 70. The 
GND line, which is connected to the light receiving circuit 
substrate 70, connects each electric component, which is 
provided on the light receiving circuit substrate 70, to ground, 
and to this GND line, the shield plate 79, which is mounted on 
the upper side mounting surface 75 of the light receiving 
circuit substrate 70, is connected. 

In this embodiment, a circuit substrate is divided into the 
light emitting circuit Substrate 60 and the light receiving 
circuit substrate 70, and they are disposed in the first casing 21 
in a two-tier fashion, and one of them is overlapped with at 
least a part of the optical system 40, and thereby, it is possible 
to obtain a wider range mounting Surfaces 64, 75 in a small 
space, and therefore, it is possible to miniaturize the Switch 
main body 1. There is not such necessity that a control circuit 
of the light emitting element 41 and a control circuit of the 
light receiving element 42 are electrically connected each 
other in a Switch main body, and therefore, even in Such a 
configuration that these things are mounted on different cir 
cuit substrates 60, 70 and respective circuit substrates 60, 70 
are disposed in two-tier fashion, there is not such a case that 
workability at the time of fabrication comes down. 

In addition, it is possible to miniaturize the Switch main 
body1 without miniaturizing the optical system 40 more than 
necessity, simply by changing a disposal configuration of 
components other than components of the optical system 40 
in the switch main body 1, and therefore, it is possible to 
prevent lowering of detection accuracy which goes with min 
iaturization of the optical system 40, and it is possible to 
detect an object 6 with high accuracy. 

In addition, in this embodiment, on the light emitting cir 
cuit substrate 60, the mounting surface 64 is formed only on 
an upper Surface, and on the light receiving circuit Substrate 
70, the mounting surfaces 75, 76 are formed on both surfaces. 
The light emitting circuit substrate 60, which is disposed so as 
to be overlapped with the optical system 40, can be formed 
relatively large, and therefore, the mounting Surface 64 is 
formed only on its upper Surface, and it is not possible to form 
the light receiving circuit substrate 70, which is disposed in an 
area other than an area in which the optical system 40 is 
disposed on the mounting Surface 32, so much larger as com 
pared with the light emitting circuit substrate 60, and there 
fore, the mounting surfaces 75, 76 are formed on its both 
Surfaces. By this means, it is possible to ensure Sufficient 
mounting Surfaces on both of the light emitting circuit Sub 
strate 60 and the light receiving circuit substrate 70. 
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Normally, a control circuit, which is mounted on the light 
emitting circuit Substrate 60, includes more electric compo 
nents to be shielded, than a control circuit which is mounted 
on the light receiving circuit substrate 70. In the example 
shown in FIGS. 12 and 13, either one of the light emitting 
APC circuit 65 and the monitor signal amplifying circuit 66, 
which are mounted on the light emitting circuit substrate 60, 
includes more electric components which are Susceptible to 
an electromagnetic field etc., and should be shielded. On the 
one hand, the light receiving signal amplifying circuit 77. 
among the light receiving signal amplifying circuit 77 and the 
light receiving section power Supply circuit 78 mounted on 
the light receiving circuit substrate 70, includes more electric 
components which are susceptible to an electromagnetic field 
etc. and should be shielded, but the light receiving section 
power supply circuit 78 does not have high necessity of 
shield. By disposing a control circuit of the light emitting 
element 41 only on an upper Surface of the light emitting 
circuit substrate 60, it is possible to collectively shield electric 
components (e.g., light emitting APC circuit 65 and monitor 
signal amplifying circuit 66) included in a control circuit of 
the light emitting element 41, by one shield plate 68 (see, FIG. 
12). In addition, by disposing electric components (e.g., light 
receiving signal amplifying circuit 77) to be shielded among 
electric components included in a control circuit of the light 
receiving element 42, on an upper Surface of the light receiv 
ing circuit substrate 70, it is possible to shield electric com 
ponents included in a control circuit, of the light receiving 
element 42, by one shield plate 79 (see, FIG. 13(a)). There 
fore, it is possible to shield each electric component by less 
shield member, and therefore, it is possible to configure the 
switch main body 1 cheaper. 

In addition, by disposing the light emitting circuit Substrate 
60 and the light receiving circuit substrate 70, which are made 
by a hard Substrate, respectively, in the first casing 21 in a 
two-tier fashion, it is possible to ensure a sufficient mounting 
surface even if a flexible substrate is not used. Therefore, by 
using a hard Substrate Such as a glass epoxy Substrate but not 
an expensive circuit substrate like a flexible substrate, it is 
possible to configure the Switch main body 1 inexpensively. 

Furthermore, in this embodiment, by forming through 
holes 30, 31 for inserting a fixing tool in the second casing 22 
but not in the first casing 21, it is possible to ensure a space for 
carrying out focus adjustment of the light emitting element 41 
by use of a jig in the first casing 21, at the time of fabrication, 
and therefore, workability at the time of fabrication is 
improved. In addition, by forming the through-holes 30, 31 in 
the second casing 22, even on the occasion of optic axis 
adjustment and solder-mounting of a light emitting optical 
system on the first casing 21, its work is not blocked, and 
workability is improved. 

The present invention is not limited to contents of the 
above-described embodiments, and various modifications in 
a scope described in claims are possible. 

What is claimed is: 
1. A reflection type photoelectric Switch comprising: 
a first casing which has a mounting Surface and an opening 

portion formed so as to face to the mounting Surface; 
a second casing which covers the opening portion of the 

first casing: 
an optical system including an optic axis of emitting light 

and receiving light in parallel with the mounting Surface 
of the first casing, and a light emitting element and a 
light receiving element, which is disposed in a predeter 
mined area on the mounting Surface in the first casing: 
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a light emitting circuit Substrate which is disposed in the 

first casing and has a control circuit of the light emitting 
element mounted thereon, and 

a light receiving circuit Substrate which is disposed in the 
first casing and has a control circuit of the light receiving 
element mounted thereon, 

wherein one of the light emitting circuit substrate and the 
light receiving circuit Substrate is disposed in an area 
other than the area on the mounting Surface in the first 
casing in which the optical system is disposed, and the 
other is disposed so as to be overlapped with at least a 
part of the optical system, on the opening portion side in 
the first casing. 

2. The reflection type photoelectric switch as set forth in 
claim 1, wherein the light receiving circuit Substrate is dis 
posed in the area other than the area on the mounting Surface 
in the first casing in which the optical system is disposed, and 
the light emitting circuit Substrate is disposed so as to be 
overlapped with at least the part of the optical system, on the 
opening portion side in the first casing. 

3. The reflection type photoelectric switch as set forth in 
claim 2, wherein the light emitting circuit Substrate has 
amounting Surface formed on only a Surface on the opening 
portion side, and 

the light receiving circuit Substrate has mounting Surfaces 
formed on both surfaces. 

4. The reflection type photoelectric switch as set forth in 
claim 3, further comprising: 

shield members mounted on the light emitting circuit Sub 
strate and the light receiving circuit Substrate, respec 
tively. 

5. The reflection type photoelectric switch as set forth in 
claim 4, wherein the light emitting circuit Substrate is hard 
Substrate and the light receiving circuit Substrate is a hard 
substrate. 

6. The reflection type photoelectric switch as set forth in 
claim 5, wherein the second casing has a thorough-hole for 
inserting a fixing tool on the occasion of fixing the reflection 
type photoelectric switch. 

7. The reflection type photoelectric switch as set forth in 
claim 4, wherein the second casing has a thorough-hole for 
inserting a fixing tool on the occasion of fixing the reflection 
type photoelectric switch. 

8. The reflection type photoelectric switch as set forth in 
claim 2, wherein the light emitting circuit Substrate is a hard 
Substrate and the light receiving circuit Substrate is a hard 
substrate. 

9. The reflection type photoelectric switch as set forth in 
claim 8, wherein the second casing has a thorough-hole for 
inserting a fixing tool on the occasion of fixing the reflection 
type photoelectric switch. 

10. The reflection type photoelectric switch as set forth in 
claim 2, wherein the second casing has a thorough-hole for 
inserting a fixing tool on the occasion of fixing the reflection 
type photoelectric switch. 

11. A reflection type photoelectric Switch comprising: 
a first casing which has a mounting Surface and an opening 

portion formed so as to face to the mounting Surface; 
a second casing which covers the opening portion of the 

first casing: 
an optical system including an optic axis of emitting light 

and receiving light in parallel with the mounting Surface 
of the first casing, and a light emitting element and a 
light receiving element, which is disposed in a first area 
on the mounting Surface in the first casing: 
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a light emitting circuit Substrate which is disposed in the 
first casing and has a control circuit of the light emitting 
element mounted thereon; and 

a light receiving circuit Substrate which is disposed in the 
first casing and has a control circuit of the light receiving 
element mounted thereon, 

wherein one of the light emitting circuit substrate and the 
light receiving circuit Substrate is disposed in a second 
area on the mounting Surface in the first casing, the 
second area being different from the first area in which 
the optical system is disposed, and the other is disposed 
so as to be overlapped with at least a part of the optical 
system on the opening portion side in the first casing. 

12. The reflection type photoelectric switch as set forth in 
claim 11, wherein the light receiving circuit Substrate is dis 
posed in the second area on the mounting Surface, and the 
light emitting circuit Substrate is disposed so as to be over 
lapped with at least the part of the optical system on the 
opening portion side in the first casing. 
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13. The reflection type photoelectric switch as set forth in 

claim 12, wherein the light emitting circuit Substrate has a 
mounting Surface formed on only a surface on the opening 
portion side, and 

the light receiving circuit Substrate has mounting Surfaces 
formed on both surfaces. 

14. The reflection type photoelectric switch as set forth in 
claim 13, further comprising: 

shield members mounted on the light emitting circuit Sub 
strate and the light receiving circuit Substrate, respec 
tively. 

15. The reflection type photoelectric switch as set forth in 
claim 14, wherein the light emitting circuit Substrate is a hard 
Substrate and the light receiving circuit Substrate are is a hard 
substrate. 

16. The reflection type photoelectric switch as set forth in 
claim 15, wherein the second casing has a thorough-hole for 
inserting a fixing tool on the occasion of fixing the reflection 
type photoelectric switch. 

k k k k k 
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